Whole-cell analysis of ionic currents underlying the firing pattern of neurons in the gustatory zone of the nucleus tractus solitarii.
1. Previous work from this laboratory has shown that rostral nucleus tractus solitarii (rNTS) neurons can be separated into four different classes on the basis of responses to a current injection paradigm consisting of membrane hyperpolarization immediately followed by a depolarizing pulse. These classes have been termed Group I, II, III, and IV neurons. The regular repetitive firing discharge pattern of Group I cells is changed into an irregular spike train by membrane hyperpolarization. Hyperpolarization of Group II neurons delays the firing discharge induced by depolarization. Hyperpolarization had the least effect on the discharge pattern of Group III neurons. The discharge pattern of Group IV neurons consisted of a short burst of spikes. We used whole-cell recordings and pharmacological channel blockers in an in vitro brain stem slice preparation to determine the ionic basis for the repetitive firing properties of rNTS neurons. 2. Application of 4-aminopyridine (4-AP, 1 mM) decreased input resistance and increased action potential duration in all groups of neurons. However, the discharge pattern of Group I, III, and IV neurons was either unaltered or slightly modified by 4-AP. In contrast the delay in firing of Group II cells induced by hyperpolarization was strongly reduced and in some cases completely suppressed by application of 4-AP. This suggests that a 4-AP-sensitive conductance primarily underlies the firing pattern of Group II cells. 3. Voltage-clamp recordings revealed that the delay in Group II neurons is due to a transient outward potassium current that is partially inactivated around the resting membrane potential. Hyperpolarization removed this inactivation, causing a delay in the firing of the cell. The potassium current was blocked by 4-AP. A similar current was occasionally seen in neurons of the other groups. On the basis of its voltage and pharmacological dependence this current was presumed to be an A-current (IKA). 4. Blockade of calcium currents by a low-calcium (0.5 mM) saline containing 2 mM Co2+ depressed the excitability of rNTS cells. For Group II neurons the delay in firing activity was increased. In the other groups the repetitive firing pattern was suppressed. In addition the amplitude of the afterhyperpolarization occurring after a short train of action potentials was substantially reduced. This indicates that calcium currents (ICa) and calcium-activated potassium currents (IKCa) contribute to the repetitive firing properties of rNTS neurons. 5. In about half of Group I, III, and IV neurons an additional property was found.(ABSTRACT TRUNCATED AT 400 WORDS)